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I, In t roductory  Coments  

The research  t o  be  conducted under t h i s  grant  (NASA Grant NGR-43-001- 

018) c o n s i s t s  of an experimental and theore t ica l .  i n v e s t i g a t i o n  of t h e  rela- 
t fonshfp  between t h e  l o c a l  a b o d e  arrangements i n  m e t a l l i c  s o l i d  s o l u t i o n s  

and t h e  phys ica l  and mechanical p rope r t f e s  of t h e  s o l i d  s o l u t i o n s .  

l o c a l  atomic arrangements a f t e r  var ied  thermal  h i s t o r y  are t o  be i n v e s t i -  

gated using s i n g l e  c r y s t a l  x-ray d i f f u s e  s c a t t e r i n g  techniques,  

r e s u l t s  of t h e  d i f f u s e  s c a t t e r i n g  measurements are t o  b e  c o r r e l a t e d  w i t h  

measurements of phys i ca l  and mechanical p r o p e r t i e s ,  p a r t i c u l a r l y  electri- 

cal  r e s i s t i v i t y  and hardness ,  

The 

The 

During t h e  f i r s t  six months of t he  g ran t  t h e  bulk  of t h e  research  

e f f o r t  has  been expended toward the  growth of s a t i s f a c t o r y  a l l o y  s i n g l e  

crystal specimens f o r  t h e  x-ray di.ffuse s c a t t e r i n g  experiments and t h e  

development of t h e  necessary experimental  apparatus  f o r  both x-ray and 

r e s i s t i v i t y  measurements. Progress has  been made i n  both of t hese  areas 

and i n  add i t ion  some x-ray measurements have been performed on Ni-10 a t ,  

% W and Ni-20 at. X Mo allcgs. 

d i scuss ions  of each of t h e s e  aspec ts  of our  research ,  

The fol lowing paragraphs g ive  more d e t a i l e d  

11. Growth of Alloy S ing le  C r y s t a l s  

A number of modi f ica t ions  of t h e  Bridgman technique have been t r i e d  

in an e f f o r t  t o  ob ta in  s a t i s f a c t o r y  s i n g l e  c r y s t a l s  of t h e  fol lowing al- 

loys :  Ni-5 a t .  % W ,  Ni-10 at. % W ,  Fe-14.5 at .  % A l ,  Fe-18.7 a t .  % A l ,  

Fe-22,5 a t ,  % A l ,  Ag-25 a t ,  % Zn, and Nf-50 at., % Pd. It has  been found 

much easier t o  grow c r y s t a l s  of c e r t a i n  of t h e s e  a l l o y s  than f o r  o t h e r s ,  

Fe-A1 c r y s t a l s  appear t o  have a g r e a t e r  propens i ty  f o r  growth than t h e  

o t h e r s  l i s t e d ,  

% W, Fe-14.5 at. % A l ,  and Fe-18.7 a t .  % A l e  The Fe-A1 c r y s t a l s  have been 

prepared from i r o n  of two d i f f e r e n t  s t a r t i n g  p u r i t i e s  -- a h igh  p u r i t y  

99.999% Fe and an e l e c t r o l y t i c  i r o n  of approximately 99.9% p u r i t y .  

To d a t e ,  w e  have success fu l ly  grown c r y s t a l s  of Ni-10 a t .  

The most s u c c e s s f u l  technique used so f a r  has  been t o  slow cool  a 

m e l t  under iner t  atmosphere i n  a temperature g r a d i e n t  e s t ab l i shed  by a 

t u b u l a r  s i l i c o n  ca rb ide  hea t ing  element. 

n ique  inc lude  1) t h e  s h o r t  l i f e  of t h e  hea t ing  element a t  opera t ing  t e m -  

The disadvantages of t h i s  tech- 



e r a t u r e s  i n  t h e  range 1500" t o  P6OO0C, and 2) t h e  l ack  of a very sharp  

gradien t .  Other techniques t r i e d  have included induct ion  melt ing and 

moving t h e  induct ion  c o i l  SO as to ob ta in  d i r e c t i o n a l  s o l i d i f i c a t i o n .  

V e r y  sharp temperature grad ien ts  are maintained by t h i s  technique bu t  

problems have been encountered with thermal cracking of c r u c i b l e  mate- 

r ia l s ,  p r i n c i p a l l y  high p u r i t y  alumina, 

We b e l i e v e  t h a t  many of t h e  crystal growth problems encountered 

thus  f a r  can b e  circumvented by using a noble  metal wound r e s i s t a n c e  

furnace capable  of opera t ion  up t o  1750°C i n  conjunction wi th  a mechan- 

i s m  f o r  moving t h i s  furnace v e r t i c a l l y  as i n  t h e  s tandard  Bridgman tech- 

nique, 

s t r u c t i o n  and a v a i l a b l e  furnaces are being inves t iga t ed .  

The mechanism f o r  moving such  a furnace is p resen t ly  under con- 

111. Development of Experimental Apparatus 

The d i f f u s e  s c a t t e r i n p  monochromator. I n  order  t o  perform d i f f u s e  

s c a t t e r i n g  measurements on iron-bearing samples CoKa r a d i a t i o n  mst b e  

used i n  order  t o  e l imina te  t h e  f luorescence which would occur i f  CuKa 

r a d i a t i o n  w e r e  used, It is a l s o  necessary t o  use a doubly-bent c r y s t a l  

monochromator i n  o rde r  t o  ob ta in  a s u f f i c i e n t  i n t e n s i t y  of h ighly  mono- 

chromatic r a d i a t i o n  (l), We have designed and constructed such a mono- 

chromator f o r  coba l t  r a d i a t i o n ,  

i n g  f e a t u r e s  which w i l l  now be  described. 

This monochromator has  some d i s t inqu i sh -  

The usua l  d i f f u s e  s c a t t e r i n g  monochromator uses  t h e  (200) r e f l e c t i o n  

from a LiF c r y s t a l .  While t h e  use of L i F  g ives  a high i n t e n s i t y  i n  t h e  

d i f f r a c t e d  beam, i t  is necessary t o  use Ross balanced f i l t e r s  with such 

monochromators i n  o rde r  t o  remove t h e  half-wavelength r a d i a t i o n  which al- 

so passes  such monochromators, 

crystal. 

half-wavelength r a d i a t i o n  and hence m a k e s  balanced f i l t e r s  unnecessary. 

The f a c t  t h a t  i t  is no t  necessary t o  t ake  t h e  d i f f e rence  between i n t e n s i t y  

measurements obtained wi th  two d i f f e r e n t  f i l t e r s  r e s u l t s  i n  improved pre- 

c i s i o n  i n  t h e  measurements and/or a reduct ion  i n  t h e  t o t a l  counting t i m e  

necessary  t o  o b t a i n  equiva len t  prec is ion  f o r  a given i n t e n s i t y .  

be l ieved  t h a t  t h i s  f a c t o r  outweighs t h e  f a c t  t h a t  t h e  beam d i f f r a c t e d  

from germanium is somewhat less in t ense  than t h a t  d i f f r a c t e d  from LIFO 

We have used germanium as t h e  monochromator 

The diamond cubic  s t r u c t u r e  of germanium p r e c i s e l y  e l imina te s  t h e  

It is 
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I n  order  t o  ob ta in  t h e  appropr ia te  double curvallute a s p e c i a l  form of 

germanium known as d e n d r i t e  "web" gemaniwn w a s  used, 

sists of mry thin (approximately 0,006 inch  thick) s i n g l e  c r y s t a l  germanium 

which s o l t d i f i e s  as a web begween two gemanianm d e n d r i t e s  when pu l l ed  from 

the m e l t ,  By using s l i v e r s  of web germanium approximately two cent imeters  

long and one millimeter wide it was p o s s i b l e  t o  approximate t h e  appropr i a t e  

doubly-curved s u r f a c e  by bending (at room temperature)  and g lu ing  t h e  web 

germanium s t r i p s  i n t o  a form machined from stainless steel. 

i n v e s t i g a t i o n  has  i n d i c a t e d  t h a t  t h e  CoKa r a d i a t i o n  from 'chis germanium 

monochromator w i l l  be  q u i t e  s a t i s f a c t o r y  f o r  d i f f u s e  s c a t t e r i n g  measure- 

ments. 
i n  t h e  fu tu re .  

This  material con- 

Prel iminary 

A more complete d iscuss ion  of t h i s  monochromator w i l l  be  presented  

S ingle  c r y s t a l  o r i e n t e r  and c ryos t a t .  Other s p e c i a l  items necessary 

f o r  x-ray d i f f u s e  scattering measurements are a means f o r  o r i e n t i n g  t h e  

s ingle  c r y s t a l s  in t h e  x-ray diffraceometer  and a means f o r  hea t ing  and 

cool ing  t h e  samples,  

a Siemens d f f f r ac tomete r  goniometer and Euler ian  c rad le .  

capable  of o r i e n t i n g  t h e  s i n g l e  crystals i n  t h e  x-ray beam wi th  an ac- 
curacy of s i x  minutes of a r c ,  

d i f f u s e  s c a t t e r i n g  measurements, 

Af t e r  considerabze i n v e s t i g a t i o n  we  have purchased 

This device is 

This accuracy fs q u i t e  s u f f i c i e n t  f o r  

It has  been necessary  t o  design and cons t ruc t  a device f o r  hea t ing  

and cool ing t h e  x-ray samples during t h e  d i f f u s e  s c a t t e r i n g  measurements. 

The l i q u i d  n i t rogen  c r y o s t a t  t o  b e  used f o r  cool ing  t h e  sample t o  78°K 
while mounted on the Euler fan  c rad le  is  shown as a c r o s s  s e c t i o n  view i n  

F igure  1. This  c r y o s t a t  incorpora tes  t he  fol lowing f e a t u r e s  i n  i t s  de- 

sign: 

1 )  The sample is  clamped aga ins t  a copper cold f i n g e r  which d i p s  

i n t o  l i q u i d  n i t rogen ,  thus al lowing t h e  sample t o  reach ther -  

m a l  equ i l ib r ium with t h e  b o i l i n g  l i q u i d  n i t rogen .  

A vacuum is  maintained between t h e  w a l l s  of t h e  double-wall 

con ta ine r  and throughout t h e  space immediately surrounding 

t h e  sample, This  provides thermal i n s u l a t i o n  and prevents  

condensation on the  sample s u r f a c e ,  

An hemispherical  beryll ium dome surrounds t h e  sample and a c t s  

2) 

3) 



/ Beryllium dome 

"r" 
To vacuum pumps 

'\ 

Liquid N2 rerervolr 

Figure 1. Liquid Nitrogen Cryostat 
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as both a vacuum sea l  a_wd x-ray window, 

w m d o w  allows meassrcments ZQ be  made throughout a volume i n  re- 

-iproeaP spare v i th3u t  i;he ne:esSiLy o €  an absorprion c o r r e c t i o n ,  

This hemispherical  shaped 

When I t  is des i r ed  Eo hea t  t h e  aamp,e LO h-gh remperatures r a r h e r  than 

cool E t ,  t h e  r ryos ta2  w i l l  be  r e p h e e d  by a s imflas  devize  which con ta ins  a 

s m a l l  h e a t e r  embedded in a copper block behind the sample. The sample w i l l  

be  p ra t ec red  from oxida t ion  by rnaancainmg i t  i n  ;i vacuum. The vacuum seal  

w i l l  again be  obtained by t h e  same be-rylirum dome used on t h e  c r y o s t a t ,  

The c r y o s t a r ,  w i th  t h e  exce?rion o f  t h e  hemispherical  beryl l ium dome 

has  now been completed-- the dome i t s e l f  i s  p resen t ly  under cons t ruc t ion .  

The design f o r  t h e  device f o r  heat ing t h e  s&mple. hac been completed a n d  

-3nstructPon w i l l  begin SQOII. 

The camponeats i;f t h e  d i f fuse  sca rce r ing  a p p a r a t u s  a r e  thus near ing  

cDmpletioc, ApcroximaceLv one inore month will be  requi red  f o r  the in t eg ra -  

xion 3f 5.hese compsnents and ,:he rtae:k ,>ut p ~ o r e d u r e  be fo re  use fu l  d a t a  on 

Lron-base aLlojs c m  be  obtained,  

IV, Dara Analysis 

One aspecc of  mi- -cesearch which h a s  prsgressed very s a t i s f a c t o r i l y  i s  

iche p ~ e p o r a ~ i o r i  of computer programs f ~ r  :he m d y s i s  ~f ttie x-ray da ta .  

F o r t - m a t e i y ,  E’orizar? ljrogrcrvs f o r  many af &he a n a l y s i s  techniques which w e  

d e s i r e  t o  cse w e r e  a v a i l a b l e  from t h e  l l t e r a t u r e  o r  f m m  pe r scna l  cmmiiii- 

c a t i o n  wi th  ocher  i n v e s t i g a t o r s  In t h e  f i e l d ,  A program writ ten by D e  

h i g e l i s  ( 2 j  nas been moditled fG’  u s e  i n  performing t h e  Stokes co r rec t ion  

and Four ie r  ana lys i s  o f  p a r t i c l e  Size and s c r a i n  broadening of x-ray l i n e  

p r o f i l e s ,  A t  p r e s e n t  w e  are beginning t o  apply tk . i s  program t o  t h e  analy- 

s is  of x-ray d a t a  from a Nn-20 at? % No s i n g l e  c r y s t a l ,  The ob jec t  of  

t h i s  stud.] E ;o csrrelatE rhe  v l t i phase  domain s i z e  and s t r a i n  occurr ing  

i n  t h i s  a l l o y  LO hardness  and r e s i s t f v i t y  measurements i n  an e f f o r t  t o  

d e t e d n e  which t aczo i  is more effective i n  causing t h e  marked hardening 

observed t o  accompar.y the fo-=matisn of rhe  long range ordered phase i n  

t h i s  a l l o y  The r e s u l t s  of  this a r e  as y e t  t o o  scan t  t o  

r e p o r t  I 



I . -  

o t h e r  programs which have bE2n p r e p x e d  and are  beginning t o  be u s e f u l  

i ac lude  a program f o r  perf;rming a F o u r i e r  zna lys i s  of x-ray d i f f u s e  scat-  

ter:ng determined i n  a plane ;n recipzoca; space and a program f o r  determin- 

i n g  t h e  chemical composition of iron-alum;num a l l o y s  by f ind ing  t h e  b e s t  

va lue  of t h e  l a t t i c e  parameter o f  t h e  alioy and r e l a t i n g  t h i s  t o  t h e  com- 

position rhrough t h e  empir ica l  r e l a t i o n  of Taylor and Jones ( 3 ) .  The f i r s t  

of t hese  programs is a modificacion of  one grac ious ly  supp l i ed  t o  us by D r .  

C .  J, Sparks of Oak Ridge Naeionai Laboratory.  

A program f o r  analyzing d i f fuse  s c a t t e r i n g  d a t a  taken throughout a 

volume i n  r ec ip roca l  space i s  present ly  being developed. 

V. Dif fuse  S c a t t e r i n g  Measurements on N I - I O  a t ,  7; W 

The d i f f u s e  s c a t t e r i n g  i n  the t i  h20 p iane  of r e c i p r o c a l  space f o r  a Ni-10 

a t ,  % W ~ l 1 0 g .  quenched fa Iced b r i n e  f r m  PjOOcC I s  preseiiced in Figure 2 .  

No formal ana lys i s  of t h i s  d a t a  h a s  y e t  been made; nowever, i t  i s  i n t e r e s t -  

i n g  t o  n o t e  t h e  g r e a t  s i m i l a r i t y  of t h i s  d a t a  t o  t h a t  obtained from a N i -  

10.7 a t ,  % No crysral ,G; - The pcs l t i= .ns  s f  the d i f f u s e  maxima appear i n  

t h e  same pos i t sons  i n  t h e  two sysrems, This  i n d i c a t e s  t h a t  t h e  shor t -  

range s t r u c t u r e  of rhe N i - 1 0  a t ,  % W a l l o y  c o n s i s t s  of remanents of t h e  

s t r u c t u r e  of t h e  inte-snietall ic rcjmpcund N i , W ,  

I n  order  t o  obza in  addicclun ..I ~ L J L L I I ~ ~ ~ G F .  1t w i l l  he ~ e c e s s s r y  t o  per- 

form a Four ie r  a n a l y s i s  of t h i s  and add ic iona i  d a t a .  Our goa l  i n  t h i s  

p r o j e c t  i s  t o  l e a r n  how short-range s r r u c t u r e  a f f e c t s  t h e  phys ica l  and 

mechanical p r o p e r t i e s  of a l l o y s ,  The data s h c m  in Figure 2 a r e  only a 

beginning. With t h i s  beginning i t  should b e  poss ib l e  f o r  us  t o  make con- 

s i d e r a b l e  progress  toward t h i s  goa l  i n  t h e  nex t  few months. 
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